MRI atlas of ectopic endometriosis  by Dallaudière, B. et al.
Diagnostic and Interventional Imaging (2013) 94,  263—280
ICONOGRAPHIC REVIEW / Thoracic imaging
MRI  atlas  of  ectopic  endometriosis
B.  Dallaudièrea,∗,  C.  Saluta,  V.  Hummela,  M.  Pouqueta,
P.  Piverb, J.-P.  Rouanetc, A.  Maubona
a Radiology  Department,  CHU  Dupuytren,  2,  avenue  Martin-Luther-King,  87000  Limoges,
France
b Gynaecology  Department,  hôpital  Mère-Enfant,  2,  avenue  Martin-Luther-King,
87000 Limoges,  France
c Radiology  Department,  clinique  Beau-Soleil,  119,  avenue  de  Lodève,  34070  Montpellier,
France
KEYWORDS
Endometriosis;
Abstract  Ectopic  endometriosis  is  a  common  condition  which  is  often  underdiagnosed,  where
MRI can  help  make  a  diagnosis  simply,  non-invasively  and  without  irradiation.  However,  imageryMRI;
Atlas;
Pelvis
signs of  it  are  enormously  polymorphic  with  a  wide  range  of  possible  locations.  In  this  paper,
we have  tried  to  illustrate  comprehensively  all  its  MRI  appearances  depending  on  the  different
locations  where  it  occurs.
© 2012  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
The  prevalence  of  ectopic  endometriosis  is  difﬁcult  to  establish,  often  underestimated
at  between  5  and  10%  [1,2], and  more  common  in  Caucasian  women  of  childbearing  age
(20—40  years)  with  a  frequency  peak  at  35  years  of  age  [3,4].
It  is  deﬁned  as  the  presence  of  endometrial  tissue  outside  the  uterine  cavity,  the  site
of  cyclic,  proliferative  activity,  without  menstrual  elimination  with  bleeding  then  lysis  and
regeneration  on  contact  by  proliferation  and/or  ﬁbrosis  [5].  There  are  several  theories
concerning  its  pathophysiology  including  Meyer’s  coelomic  metaplasia  theory,  evoking  the
potential  for  differentiation  of  the  mesothelium.  Undifferentiated  cells  of  the  peritoneal
layers  could  indeed  be  transformed  into  ectopic  endometrial  cells  as  a  result  of  endome-
trial  ‘‘induction’’  [6].  Sampson’s  metastatic  theory  proposes  the  possible  reﬂux  of  viable
endometrial  cells  during  menstruation,  with  ‘‘implantation’’  and  haematogenous  and  lym-
phatic  dissemination.  The  hormonal  and  immunological  inﬂuence  of  the  peritoneal  ﬂuid
may  also  play  a  role  by  escaping  from  its  regulating  and  protecting  factors  (cytokines,
growth  factors,  hormones,  etc.)  [7].Clinical  examination  is  difﬁcult,  often  with  a  delay  in  diagnosis  and  non-speciﬁc  chronic
symptoms,  cyclic  or  continuous  pelvic  pain  and  secondary  dysmenorrhoea  being  the  most
common,  but  deep  dyspareunia,  associated  or  not  with  painful  defecation,  also  occurring,
depending  on  the  sites  of  the  disease.  Other  events  such  as  premenstrual  metrorrhagia,
haematuria  associated  with  urinary  symptoms  or  infertility  may  result  in  onset  of  the
disease  [8].
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MRI  is  very  useful  both  where  endometriosis  is  clinically
uspected  due  to  polymorphic  clinical  symptoms  and  also
or  short  and  long-term  monitoring.  It  can  help  make  a  diag-
osis  in  a  simple,  non-invasive  and  non-irradiating  manner.
owever,  MRI  imaging  signs  are  also  extremely  polymorphic
ith  a  wide  possibility  of  sites  [9].
For  ease  of  understanding,  we  shall  illustrate  in  this  atlas,
reated  from  more  than  2,200  pelvic  MRIs,  all  MR  imaging
ppearances  of  ectopic  endometriosis  according  to  its  vari-
us  intra-  then  subperitoneal  locations.  We  shall  also  review
he  appearance  of  rare  cases  of  endometrioid  neoplasia.
Finally,  for  the  sake  of  completeness,  we  will  discuss
he  most  common  extrapelvic  endometrioses  (muscle,  cuta-
eous  and  thoracic).
ocations of ectopic endometriosis
ll  the  locations  for  pelvic  ectopic  endometriosis  are  summ-
rised  in  Fig.  1,  produced  from  Cullen’s  model,  with  their
orrespondence  with  sagittal  T2-weighted  MRI  images  [10].
RI signs and histopathology
RI  signs  are  highly  polymorphic  but  can  be  characterised  by
he  presence  of  lesions  with  haemorrhagic  content  of  vari-
ble  intensity,  depending  on  the  production  of  haemoglobin
egradation  products  and  their  age,  which  may  appear
yperintense  with  T1-weighting  if  recent  or  reasonably
ecent,  hypointense  with  T1-weighting  if  old  lesions,  and
e  very  variably  intense  in  T2-weighting  but  generally
ypointense  [11]. Macroscopically,  these  lesions  are  haemo-
rhagic  foci  surrounded  by  an  endometrial  epithelium  and
troma  in  the  ovaries  and  haemorrhagic  or  ﬁbrohaemor-
hagic  implants  (Fig.  2).
More  or  less  retractile  ﬁbrous  lesions  that  are  usually
ypointense  in  T1  and  T2-weighting  are  the  second  type
igure 1. Cullen 1919 modiﬁed in Maubon A, Rouanet JP, DIU Imageri
ubal lesion; 4: round ligament; 5 and 6: ovarian and peri-ovarian lesion
0: umbilicus; red arrow: vesicouterine pouch; blue arrow: rectovaginal
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f  typical  occurrence  seen  in  MRI.  In  these  situations,  the
acroscopic  appearance  is  of  ﬁbrous  lesions  with  adhesions
econdary  to  inﬂammation  of  the  peritoneum  (Fig.  3).
Histologically,  these  ﬁbrohaemorrhagic  lesions  are  asso-
iated  with  a  cylindrical  glandular  epithelium  and  endome-
rial  stroma  [5]  with  reactional  inﬂammatory  proliferation,
onsisting  of  smooth  muscle  cells  and  ﬁbroblasts,  around  the
aemorrhagic  lesions  [1].
RI atlas of ectopic endometriosis
elvic endometriosis
ntraperitoneal  endometriosis
varian  and  peri-ovarian  endometriosis
ndometriomas  (>  1  cm)  or  micro-endometriomas  (<  1  cm)
re  characterised  by  intra-ovarian  lesions  of  variable
ignal  intensity,  generally  persistently  hyperintense  in  T1-
eighting  on  fat  suppression  sequences  which  are  almost
athognomonic,  and  usually  hypointense  with  T2-weighting
roducing  ‘‘shading’’  (Fig.  4),  sometimes  with  ‘‘mirroring’’
f  the  variously  shaded  levels  (Fig.  5).  The  classic  ‘‘coffee
ean’’  appearance  (Fig.  6)  is  also  generally  attributed  to
varian  endometriomas.
Contrast  agent  injection  reveals  no  annular  enhancement
roducing  the  ‘‘ring  sign’’,  thus  differentiating  them  from
aemorrhagic  follicular  cysts  (Fig.  7).
There  may  be  associated  retractile  peri-ovarian  adhe-
ions  with  a  star-like  appearance  and  variable  intensity
n  the  ovarian  fossae  which  may  in  some  cases  bring
he  ovaries  towards  the  midline  area  producing  ‘‘kissing
varies’’  (Fig.  8).
eritoneal  and  retro-uterine  pouch  endometriosise Gynécologique 2008—2009. 1: adenomyosis; 2: torus uterinus; 3:
; 7: uterosacral ligament; 8: intestinal lesion; 9: abdominal wall;
 pouch; green arrow: pouch of Douglas.
his  is  characterised  by  stellar  adhesions  (Fig.  9)  and  by
imple  thickening  or  an  isolated  nodule  of  the  peritoneum
Fig.  10)  of  variable  size  and  intensity,  sometimes  difﬁcult
o  distinguish  using  MRI.
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Figure 2. Right ovarian endometrioma (white arrows) with recent haemorrhagic changes showing T1-weighted hyperintensity, hypointen-
sity in T2-weighting on multi-follicular ovaries with related pathological anatomy (appearance of intra-ovarian haemorrhagic changes).
Figure 3. Peri-ovarian endometriosis with ﬁbrous adhesions to the ovarian fossae, hypointense T1- and T2-weighted images and laparo-
scopic correlation with whitish ﬁbrous implants.
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Figure 4. T2-weighted hypointense appearance with ‘‘shading’’ of a speciﬁc right ovarian endometrioma.
Figure 5. Variously shaded levels with ‘‘mirror’’ appearance with T1-weighted haematic hyperintensity, T2-weighted hypointensity: left
endometriomas of different ages.
Figure 6. Typical ‘‘coffee bean’’ appearance of a large right ovarian endometrioma with a thin wall without parietal contrast uptake.
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Figure 7. Functional cyst in T1-weighted hypointensity and T2-weighted hyperintensity with ‘‘ring sign’’ parietal contrast uptake (black
arrow), and endometrioma in T1-weighted hyperintensity and T2-weighted hypointensity without parietal contrast uptake (white arrow).
Figure 8. ‘‘Kissing ovaries’’: bilateral ovarian endometriosis with peritoneal adhesions bringing the ovaries closer to the midline.
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der  are  often  contiguous,  with  or  without  involvement  of  theigure 9. Right peritoneal ﬁbrous implants hypointense with T
eritoneal foci.
ndometriosis  of  the  peritoneum  of  the  vesicouterine
ouch
here  is  no  signiﬁcant  difference  in  this  location  in  terms  of
ignal  regarding  MRI  signs.  A  lesion  of  the  peritoneum  of  the
esicouterine  pouch  is  characterised  by  disappearance  of
igure 10. Nodular peritoneal thickening of the pouch of Douglas.
igure 11. Endometriosis of the vesicouterine pouch and contiguous e
b
o
(ighting, and corresponding laparoscopic image showing multiple
he  inter-vesicouterine  fat.  Lesions  to  the  dome  of  the  blad-xtension to the anterior surface of the myometrium.
ladder  mucosa.  A  contiguous  lesion  of  the  anterior  surface
f  the  uterus  is  also  possible  without  associated  adenomyosis
Fig.  11).
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Tubal  endometriosis
Unilateral  or  bilateral  dilatation  of  the  fallopian  tubes  very
often  with  a  heterogeneous  signal,  unlike  true  hydrosalpinx,
may  indicate  an  endometriotic  origin  (Fig.  12).  In  the  major-
ity  of  cases,  these  haematosalpinx  are  associated  with  other
ectopic  locations  and  are  rarely  isolated.
Intraperitoneal  bowel  endometriosis
Attraction  of  the  anterior  surface  of  the  intestinal  wall  at
an  obtuse  angle,  associated  with  a  poorly  deﬁned  mass  or
nodule  caused  by  ﬁbromuscular  hyperplasia  of  variable  size
in  contact  with  it  is  highly  suggestive  of  an  intestinal  lesion.
The  mass  is  hypointense  in  T2-weighting  (Fig.  13)  due  to
hyperplasia  of  the  muscula  propria  and  shows  submucosal
and  mucosal  hyperintensity,  exhibiting  what  is  termed  the
‘‘mushroom  cap’’  sign  (Fig.  14);  it  may  involve  the  small
intestine  (Fig.  15).
Subperitoneal  pelvic  endometriosis
Endometriosis  of  the  torus  uterinus,  the  uterosacral
ligaments  and  the  retrovaginal  pouch
Anatomically,  a  lesion  of  the  torus  uterinus  is  a  lesion  of  the
subperitoneal  space  behind  the  cervix  of  the  uterus  (Fig.  16),
above  the  rectovaginal  pouch  (Fig.  17)  between  the  poste-
rior  surface  of  the  vagina  and  the  rectum.  The  uterosacral
ligaments  arise  from  either  side  of  the  torus  uterinus  on
the  posterior  surface  of  the  uterus  and  their  involvement
(Figs.  18  and  19)  may  be  isolated  or  contiguous.
MRI  signs  in  terms  of  morphology  and  signal  have  no  par-
ticular  locoregional  features.
Figure 12. Bilateral large heterogeneous haematosalpinx with the app
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tigure 13. Endometriosis of the anterior surface of the intraperi-
oneal part of the sigmoid colon with the ‘‘mushroom sign’’ and
nterior attraction.
etroperitoneal  ureteral  endometriosis
reteral  and  pelvicalyceal  system  dilatation  is  found  indi-
ectly  (T1-weighted  hypointense  liquid  signal,  T2-weighted
yperintensity)  secondary  to  underlying  intra-  and/or  sub-
eritoneal  endometriosis  (Fig.  20).
ubperitoneal  bowel  endometriosisearance of tubules, increasing to the right.
ssociated  with  endometriosis  of  the  torus  uterinus  and
terosacral  ligaments,  subperitoneal  bowel  endometriosis
s  characterised  usually  by  rectosigmoid  involvement,  with
he  MRI  appearance  the  same  as  when  the  endometriosis  is
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Figure 14. Haemorrhagic endometriosis of the anterior surface of the sigmoid colon with anterior attraction.
Figure 15. Small intestine lesion lateralised to the left with associated intraperitoneal effusion.
MRI  atlas  of  ectopic  endometriosis  271
s ute
E
M
T
i
l
(
m
a
f
TFigure 16. Endometriosis with haemorrhagic changes of the toru
intraperitoneal  (Fig.  21).  If  the  mucosa  is  involved,  the  ring
of  digestive  mucus  is  interrupted  (T1-weighted  hyperinten-
sity  is  interrupted  following  gadolinium  injection)  (Fig.  22).
Endometriosis  of  the  cervix,  vagina  and  round  liga-
ments
This  is  characterised  by  a  nodular  lesion  with  a  variable  sig-
nal  at  the  cervix  (Fig.  23),  in  the  vagina  (usually  in  the
posterior  fornix)  (Figs.  24  and  25)  or  involving  the  round
ligaments  (Fig.  26).
Endometrioid  neoplasia
This  degeneration  affects  less  than  1%  of  cases  of
endometriosis.  Its  diagnosis  remains  histological  with
no  speciﬁc  MRI  signs  for  the  neoplastic  component
(Fig.  27).
T
r
arinus with associated adhesions.
xtrapelvic endometriosis
uscle  and  subcutaneous  endometriosis
his  is  the  most  frequent  extrapelvic  condition  concern-
ng  endometriosis  and  is  either  primary  or  occurs  via  a
aparoscopic  trocar  if  it  is  an  anterior  parietal  muscle  lesion
Fig.  28).  The  latter  causes  the  same  characteristic  abnor-
al  signals  as  intrapelvic  endometriosis  and  can  also  affect
reas  of  the  skin  (the  anterior  skin  wall  (Fig.  29),  the  gluteal
old  (Fig.  30),  the  canal  of  Nuck  (Fig.  31),  etc.).
horacic  endometriosis
horacic  endometriosis  can  be  responsible  for  pneumotho-
ax  or  haemopneumothorax  in  asymptomatic  patients,  or  be
ssociated  with  advanced  pelvic  lesions  (Fig.  32).
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Figure 17. Large rectovaginal endometriotic nodule hyperintense in T1-weighting and hypointense in T2-weighting, pushing the vagina
forward.
Figure 18. Haemorrhagic endometriosis of the right uterosacral ligament.
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Figure 19. Fibrous endometriosis with thickened appearance of the left uterosacral ligament.
Figure 20. Left ureteral dilatation proximal to a ﬁbrous subperitoneal and ovarian lesion sheathing the lower ureter.
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Figure 21. Subperitoneal intestinal ﬁbrous macronodule at the rectosigmoid junction not affecting the intestinal mucosa.
Figure 22. Subperitoneal rectosigmoid lesion involving the mucosa by rupturing the submucosal ring — T1-weighted sequence after
gadolinium injection and fat suppression.
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Figure 23. Endometriosis of the posterior surface of the cervix hyperintense in T1 and T2-weighting.
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Figure 24. Endometriosis of the right lateral fornix with an overall hypointense signal indicating a ﬁbrous nature.
Figure 25. Multiple haemorrhagic endometriotic nodular lesions of the posterior wall and the posterior fornix of the vagina.
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Figure 26. Endometriosis of the left round ligament at its origin near the uterine horn.
Figure 27. Endometrioid neoplasia on pre-uterine endometriosis and endometriosis of the retro-uterine pouch (on a postpartum uterus)
represented by a large heterogeneous mass with no speciﬁc signal abnormality.
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Figure 28. Parietal endometrioid location in the left rectus abdominis muscle with considerable uptake of contrast after gadolinium
injection.
Figure 29. Anterior subcutaneous location on laparoscopy scars.
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Figure 30. Subcutaneous endometriosis of the gluteal fold, lateralised to the right in this patient who initially consulted because of
intermittent rectal bleeding.
Figure 31. Endometriosis of the canal of Nuck (remnant of the peritoneo-vaginal canal in women) on the right.
Figure 32. Right diaphragmatic and perihepatic locations with no haemopneumothorax, discovered incidentally in a patient with known
intra- and subperitoneal associated endometriosis.
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onclusion
he  lesions  of  endometriosis  are  widely  polymorphic  in
erms  of  signal,  with  a  great  many  possible  locations  which
re  more  often  than  not  associated,  hence  the  importance
f  precise  knowledge  of  the  various  typical  appearances.
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